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Influence of water salinity on growth performance and physiological responses in Nguni 
goats 
By 
Z. M. Mdletshe 
A survey was conducted to investigate factors influencing water scarcity for goats in areas where 
there are seasonal and perennial river systems in poor resource-limited smallholder communal 
farming systems. About 8 and 26 % of the elderly respondents reported that over the past 30 years, 
the river that are seasonal used to be perennial flow. Households located close (≤ 3 km) to the 
nearest water source and areas where there were seasonal rivers reported drinking water for goats 
a scarce resource compared to those located far (> 3km) from the nearest water source and located 
in areas where there was perennial rivers. Negative effects of climate change associated with 
drought conditions increased incidences of dry spells during the rainy seasons and short season 
varieties. It was concluded that river systems, seasonal water sources, distance from the nearest 
water source, and negative effects of climate change associated with drought conditions were 
major factors which influenced water scarcity for goats in resource-limited communal farming 
environments. Although farmers did not regard water quality as a factor which causes water 
quality, however, water is an attribute which affects livestock. 
 
An on-station experiment was conducted to assess the extent at which Nguni goats tolerate 
drinking saline water. Goats which received 5.5 g TDS/L salt level had a significantly higher ADFI 
and ADG when compared to those on the 11.0 g TDS/L salt level. The PR was significantly higher 
vi 
 
in goats that received 11 g TDS/L than those on the 5.5 g TDS/L salt level. It was concluded that 
Nguni goats can tolerate drinking water with salinity levels not above 5.5 g TDS/L. It is 
recommended that Nguni goats be provided with greywater not contain salt levels above 5.5 g 
TDS/L in areas were fresh drinking water is a scarce resource. This will reduce the demand for 
fresh water. 
Keywords: seasonal rivers; perennial rivers; water sources; droughts; average daily feed intake; 
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Chapter 1: General introduction 
1.1 Background 
The world’s goat population was estimated at 981 878 863.2 million in 2011 (FAOSTAT, 2012) 
with 96 % of these kept in developing countries. Africa accounts for 33.8 % of the world total goat 
population (Aziz, 2010). However, 50 % of Africa’s total goat population is kept by smallholder 
limited-resources farmers with low inputs (Rumosa Gwaze et al., 2009). Goats under these farming 
systems are predominantly the indigenous genotypes (Lebbie, 2004). Goats contribute to poor 
smallholder communal farmers through the provision of milk and meat consumption, traditional 
rituals (Masika and Mafu, 2004) and financial security (Sebei, 2002; Peacock, 2005). 
 
In Southern Africa, goat production is divided into two sectors, mainly the commercial and 
communal farming systems. Under commercial farming systems, breeds which are mainly reared 
include Angora, South African Savannah and Boer goats (DAGRIS, 2007). Angora goats are 
reared for mohair production with excess of old stock being marketed in the goat meat sector. Boer 
and other breeds are specifically used for chevon production (Tshabalala, 2000; Roets and Kirsten, 
2005). Under communal farming systems, common goat breeds kept include indigenous Nguni, 
Tswana, Northern Cape Speckled, Eastern Cape Xhosa Lob Ears, and Kunene-Koakoland goats 
(CAPS, 2006; Morrison, 2007; Botha and Roux, 2008).  
 
Goats owned by resource-limited communal farmers are kept under extensive communal grazing 
systems (Masika and Mafu, 2004). Extensive communal production systems are characterized with 
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low inputs. Under these communal goat production systems, the common constraints include high 
prevalence of disease and parasites, limited forage availability and poor marketing management 
(Rumosa Gwaze et al., 2009). Although water is known as a scarce resource for livestock 
production under communal production systems in arid and semi-arid environments, however, 
little is known about factors which contribute to water scarcity for goats under these farming 
environments. Recent reports from South Africa, for example, show increased livestock mortality 
in semi-arid environments such as KwaZulu-Natal (Chabalala, 2015; Mhlongo, 2015) as a result 
of water scarcity. Water scarcity in these environments is caused by prolonged drought conditions 
influenced by negative effects of climate change (Ragab and Prudhomme, 2002).  
 
The quality of most water bodies used by livestock is poor, mostly due to high salt levels (Gihad 
et al., 1993). Excessive salt level in drinking water is caused by droughts. Droughts are associated 
with reduced rainfall and high evaporation rates causing high salt levels. Goats are tolerant to 
drinking water with salinity levels not above 12.5 g TDS/L (McGregor, 2004), however, excessive 
salt levels in drinking water increases water intake, but depresses feed intake and body weight gain 
(Attia-Ismail et al., 2008). Although extensive research has been done in assessing the extent at 
which goats tolerate excessive salt levels (Abdalla et al., 2013), limited research has been done if 
any, to assess the extent at which Nguni goats tolerate excessive salt levels. 
 
1.2 Justification 
For sustainable goat production which will improve better returns in terms of cash to poor 
resource-limited communal farmers, a better understanding is, therefore, needed in factors which 
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cause water scarcity for goats under resource-limited communal farming systems. Since water 
availability vary with seasons and rainfall in seasonal and perennial river systems, it is important 
to understand the effect of river systems with regards to goat production in areas where there are 
seasonal and perennial river systems. 
 
Knowledge of factors influencing water scarcity for goats and the extent at which goats tolerate 
excessive salt levels will enable farmers and policy-makers to assess the ability of Nguni goats to 
survive and reproduce when subjected to saline water. Many countries in Africa are facing water 
shortages. There is a strong drive to re-cycle grey water for utilisation by livestock. Most of the 
grey water, however, contains high salt levels (Msira et al., 2014). Knowing the extent at which 
Nguni goats tolerate drinking water with excessive salt levels will help utilizing grey water. The 
use of grey water for livestock reduces the demands for fresh water, which should be prioritised 
for human consumption. 
 
1.3 Objectives 
The goal of the study is to generate information relating to water scarcity to factors influencing 
water scarcity for goats under resource-limited smallholder farming systems. The broad objective 
of the study is to determine factors which cause water scarcity for goats under resource-limited 
smallholder communal farming systems and the extent to which Nguni goats can tolerate drinking 
water with excessive salt levels. The specific objectives of the study were to: 
1. Compare factors influencing water scarcity for goats in areas where there are seasonal 
and perennial rivers under resource-limited communal farming environments; and 
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2. Assess the extent to which Nguni goats can tolerate drinking saline water 
 
1.4 Hypothesis 
Hypothesis to be tested were that: 
1. Factors which cause water scarcity for goats was lower for households with access to 
perennial river systems than those without; and 
2. Increasing salinity of drinking water increases feed intake, water consumption and 
growth rate of Nguni goats. 
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Chapter 2: Literature review 
2.1 Introduction 
Indigenous goats are the most dominant and underutilised protein source in resource-limited 
communal farming systems of Southern Africa. Although they are well adapted to locally harsh 
environmental conditions where water of poor quality and is a scarce resource, they have the 
potential to increase food security, reduce poverty and improve livelihoods of the resource poor 
farmers.  
 
Amongst the challenges farmers face with regards to goat production include low-input 
agricultural practices such as poor management which results in high disease incidences and 
prevalence (Turton, 2004; Marume et al., 2012; Slayi et al., 2014); Poor housing practices, and 
poor marketing management (Rumosa Gwaze et al., 2009b). Although water scarcity and poor 
quality is another constraint to goat production under resource-limited communal farming systems, 
limited research has been done, if any, to investigate water related challenges under resource-
limited communal farming systems. 
 
Therefore, the aim of this review is to discuss water and water-related challenges which are faced 
by poor resource-limited smallholder farmers with regards to goat production under communal 
farming systems. It also discusses alternative water sources which could be used by goats to reduce 
the demand of fresh water and methods which could be used to assess the general health status of 




2.2 Goat production systems in resource-limited communal farming areas 
Goat production system in poor resource-limited smallholder communal farming systems is based 
on the extensive system which results to low goat performance (Masika et al., 1998). Goat 
ownership vary with district and gender (Rumosa Gwaze et al., 2009b). Goat numbers per 
household depends on the size of the farm where subsistence oriented farmers owns between one 
and 10 goats per household (van Niekerk and Pimentel, 2004) and farmers with large land sizes 
own more than 10 goats per household (Masika and Mafu, 2004).  
 
Common goat constraints under these farming systems include high prevalence of diseases and 
parasites, poor animal management, poor management practices, limited forage availability, lack 
of investment into goat farming and production, unfounded preconceptions which limit goat 
production and predators, such as jackals (Masika and Mafu, 2004; Rumosa Gwaze et al., 2009a). 
Although was is not a commonly cited constraint to goat production, however, water shortage in 
prolonged periods of times causes goat mortalities (Mhlongo, 2015), especially in arid and semi-
arid environments when goats are not adapted to prolonged water shortages. 
 
2.3 Characteristics of goats under smallholder goat production 
Table 2.1 summaries characteristics of indigenous goat breeds found in South Africa. Goat breeds 
of Southern Africa are categorized into four classes which are commercially reared Boer goats 
which are specifically used for meat production, long-haired goats, polled Boer goats and 
indigenous genotypes which are mainly kept by smallholder resource-limited farmers (Tshabalala, 
2000). Indigenous breeds are classified based on drooping ears (lop-ear), origin, colour, size and 
length of hair (Tshabalala, 2000; Kuyamandi Development Services, 2007). Indigenous goat 
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breeds have slow growth rate which is a result of inbreeding depression (Silanikove, 2000). 
Indigenous goats have good mothering ability, high reproductive efficiency, natural resistance to 
a range of diseases such as pulpy kidney, gall sickness and gastro-intestinal parasites (Du Toit, 
2008). The indigenous goats also have low body mass and metabolic requirements which enable 
these goats to survive under conditions of water scarcity and limited feed availability (Silanikove, 
2000). 
 
Functions of goats under resource-limited communal systems include providing household 
income, providing income, indigenous traditional ceremonies, meat consumption and to a lesser 
extent milk and manure (Lebbie, 2004; Masika and Mafu, 2004). The importance of each of these 
functions varies with production system, and socio-economic factors such as gender, age, 
education and religion of farmers (Masika and Mafu, 2004). 
 
2.4 Role of goats to livelihoods of smallholder communal farmers 
Although goats are regarded as being secondary to cattle under rural communal households, 
however, in Southern Africa goats are now considered the most important livestock animal. This 
is more likely influenced by a decrease in cattle numbers and the role which goats play in replacing 
cattle when performing traditional ceremonies. When performing any traditional rituals, colour, 
sex and age contribute to the importance of goats during any traditional ritual (Sebei et al., 2004; 
Rumosa Gwaze et al., 2009b). When used to perform traditional ceremonies, it is believed that 




Table 2.1: Phenotypic characteristics of indigenous goat in Southern Africa 
Breed Adult weight (kg) Phenotypic characteristics Colour 
Male Female 
Nguni (Mbuzi) 40 30 Small-medium sized ears; Horned; Compact; 
Small females with large males; bearded; Short 
hair 
Multi-coloured 
Northern Cape Speckled   Large frame; Well-muscled; Large dropping lob 
ears; Short glossy hair 
Red, red-brown, 
or black spots 
Eastern Cape Xhosa Lob 
Ears 
32 29 Large frame; Robust; and well-muscled Multi-coloured 
Kunene-Koakoland   Medium frame; Slender; Long hanging ears; Short 
glossy hair coat 
Multi-coloured 
Tswana 44 40 Horned; Loped sized ears; Bearded; long neck; 
shallow chest; Short and fine coats 
Multi-coloured 





Peacock (2005) provides a list of products and services from goats. Under poor rural households, 
indigenous goats provide employment and economic stability. This is achieved by selling goat 
products in informal markets. Although financial figures from the review of Lebbie (2004) reveal 
that goat products such as meat, milk, and skin provide employment for rural communities, no 
accurate data is available to estimate the contribution of indigenous goats to human food security 
and general livelihood in rural communities. Goat products are not being recorded under these 
farming systems (Roets and Kirsten, 2005). 
 
2.5 Goat management practices in communal farming systems 
In most communal farming systems, goat management practices are composed of old age (Rumosa 
Gwaze et al., 2009b) small-scale farmers. Earlier research reports highlight poor management 
systems for goats (Masika et al., 1998; Rumosa Gwaze et al., 2009a) which results in poor 
productivity. Poor animal management include lack of modern agricultural skills and low-input 
agricultural practices. Low-input agricultural practices include poor feeding and housing practices, 
inappropriate breeding practices and inadequate adoption of proper animal health practices 
(Lebbie, 2004). In this review, issues pertaining to drinking water in goat management practices 
poor resource-limited communal farming systems will be highlighted. 
 
Water sources used by goats for drinking water under extensive production systems are mainly 
shared with humans. These water sources are mainly found in grazing rangelands. Distance to 
these rangelands varies with each community. However, most common water sources found in 





and groundwater (Meyer and Casey, 2000). Little is known about the quality of drinking water in 
these water sources and the extent at which goats drink water from these water sources. Under 
conditions of water stress where water is a scarce resource, goats walk long distance in search for 
water (Assan, 2014). In areas where goats are tethered during the cropping season, water is 
provided manually using either buckets or portable dishwashing pan. Provision of water using 
buckets or dishwashing pans depends on water availability from water sources which are also by 
humans for drinking water. Provision of washer to goats in this goat management practice is mainly 
the work of school children or household goat owners. 
 
2.6 Importance of water and methods of assessing water quality in livestock production 
Water is essential for all metabolic processes. These metabolic processes include maintenance of 
body temperature, growth, reproduction and lactation, digestion, metabolism, excretion and 
hydrolysis of protein, fat and carbohydrates regulation of mineral homoeostasis lubricating joints 
cushioning, the nervous system and transporting sound eyesight (Schlink et al., 2010; Gharibi et 
al., 2012). Water requirements for goats depends on water requirements for maintenance of normal 
water balance and production (NRC, 1981). Normal body water content in goats varies with age, 
amount of fat and environmental temperature (NRC, 1981). Unlike sheep and cattle, which largely 
depend on free water consumption to meet water requirements, goats obtain water to meet water 
requirements from free water consumption and other sources such as water contained in ingested 
feed which contain a high water content and metabolic water from oxidation of energy sources 






Water intake in goats depends on the dry matter intake, environment temperature and water 
(Sileshi et al., 2002). Increasing environmental temperature causes an increase in water intake. 
One of the most important determinants of water intake is water quality. Water quality is a measure 
of water condition in relation to the requirements of one or more abiotic species (Beede, 2006). 
  
Common factors which are considered when assessing water quality for livestock include 
chemical, physical and physiochemical properties; biological agents; excess nutrients; and toxic 
compounds (Bagley et al., 1997). Other factors which are considered include assessment of odour 
and taste (organoleptic properties), concentration of macro- and micro minerals, hardiness 
(calcium and concentrations), sulphate concentrations, nitrate concentrations, pH and microbial 
agents (Hooda et al., 2000).  
 
Indicators that are widely used to assess water quality include coliforms, faecal coliforms, 
Escherichia coli and enterococci (McAllister and Topp, 2012). If water quality is not monitored 
for goats, it can serve as a carrier for physical and biological contaminants which can have a 
negative effect on the performance of goats (De Araújo et al., 2010). 
 
Pathogenic organisms which are important biological contaminants of water include bacteria, 





and Salmonella species. Fungi species include Cryptosporidium, Giardia lamblia, viruses such as 
adenovirus-31 types, enteroviruses-71 types androtavirus. Protozoa include Balantidium coli, 
Entamoeba histolytica, Giardia lamblia and helminthes such as Ancylostoma duodenale, Ascaris 
lumbricoides and Dracunculus medinensis (Hooda et al., 2000; De Araújo et al., 2010). 
 
2.6.1 Factors influencing water quality 
2.6.1.1 Salinity 
Salinity refers to the measure of salt content levels soil or water. Salinity can be measured as total 
dissolved solids (TDS), total soluble salts (TSS) or electrical conductivity (EC). The TDS and TSS 
is expressed in parts per millions (ppm) or milligram per litre (mg/L), and EC as reciprocal micro 
ohms per centimeter (umhos/cm) or decisiemens per meter (dS/m) (Higgins and Agouridis 2008). 
Excessive salinity levels in available surface water are a result of high evaporation rates. High 
evaporation rates increases in top soil, which results to increase in salinity levels of surface water. 
 
Tolerance to salinity in goats varies with breed, age, water requirements, season of the year, and 
physiological conditions (De Araújo et al., 2010). Salts which are important contributors to salinity 
content in water include sodium chloride, magnesium, calcium, sulphates and bicarbonates 
(Bargley et al., 1997; Vincent, 2005). Although goats are more adapted to salinity levels above 





been documented. Generally, goats prefer salinity content below 2000 mg/L (Bargley, 1997; 
Vincent, 2005). 
 
In goats, acceptability and tolerance to salt content in drinking water varies with season, age, water 
requirement, water temperature, humidity, and minerals in water, physiological conditions and 
total salt content in the diet (Araújo et al., 2010). Runyan and Bader (1994) reported 4.8 to 6.6 g 
TDS/L as the limit salt content in drinking water for ruminants. The same authors also reported 
6.6 g TDS/L as a high risk to young animals and 9.6 g TDS/L of salt content in drinking water as 
a level which should not be provided to any livestock. McGregor (2004) reported 12.5 g TDS/L 
of sodium chloride in drinking water for adult goats as the maximum tolerant level. The same 
author also reported 9.5 g TDS/L as the optimum limit of salt content in drinking water for goats 
were any water intake has no negative effect on feed intake. Goats drank seawater with 27.5 g 
TDS/L and showed no signs of salt poisoning (McGregor, 2004), but reduced productivity. 
Abdalla et al. (2013) reported a 36 % decrease in milk yield in adult female Damascus goats which 
were fed saline water (6 g TDS/L) compared to goats which were fed fresh water (0.247 g TDS/L). 
The same authors reported reduction in goats which were supplied with saline drinking water (6 g 
TDS/L) body weight gain compare goats which are supplied with clear clean water. 
 
2.6.1.2 Sedimentation 
Another factor which affect water quality include sediments in water bodies, nitrogen and 





(Strydom et al., 1993; Hooda et al., 2000; Hubbard et al., 2004). Other factors which contribute to 
water quality degradation include pesticides such as sheep-dipping chemicals and ethno-veterinary 
practices for controlling ticks in cattle (Moyo and Masika, 2009). 
 
Sediments serve as a carrier for pollutants (pathogens, nutrients, and chemicals). Excess dissolved 
or suspended sediments also serve as pollutants in lakes and rivers (Hubbard et al., 2004). In 
livestock production, sedimatation mainly occurs under conditions of high animal stocking density 
associated with trampling due to continuous overgrazing (Kauffman and Krueger, 1984). 
Overgrazing causes a reduction in vegetation cover resulting to an increase in soil erosion. 
Excessive sediments also result to a decrease in fish biomass and the percentage number of fishes 
in the total fish composition. 
 
2.6.1.3 Pathogenic bacteria 
Pathogens impair water quality by high levels of faecal coliform bacteria and non-bacterial 
infectious agents such as fungi and protozoa (Hooda et al., 2000; Hubbard et al., 2004). Although 
faecal coliform bacteria serve as an indicator of faeces contamination, they also help to determine 
acceptability for drinking (Hubbard et al., 2004). These pathogenic organisms which are important 
biological contaminants of water include E. coli 0157:H7, C. jejuni, Salmonella species, fungi and 
protozoa such as Cryptosporidium and Giardia lamblia species. 
 
Cryptosporidium parvum is a protozoan parasite found in surface waters which is thought to 





(de Graaf et al., 1999). Infection occurs through the consumption of water which contains oocysts 
previously eliminated with faeces of infected young ruminants (Olson et al., 1997; de Graaf et al., 
1999). It is resistant to most chemicals used during the water treatment process (Hooda et al., 
2000). Hooda et al. (2000) reported the feasibility of oocysts to remain for a time period of at least 
140 days. Commonly, C. parvum is the causative agent for cryptosporidiosis. Clinical signs of 
cryptosporidiosis include dehydration, weight loss, laziness and depression, anorexia, abdominal 
pain, and mainly diarrhoea accompanied by shedding of a large number of oocysts, with yellow 
faeces accompanied with unpleasant odour, and death in neonatal ruminants (Hooda et al., 2000; 
Noordeen et al., 2012). 
 
Giardia causes water-borne diarrhoeal infections in both humans and animals (Olson et al., 1997). 
Infection occurs by the consumption of contaminated water. This organism infects the small 
intestine and is then excreted as small cysts in large numbers (Hooda et al., 2000). Infection is 
mainly a problem of young farm animals compare to older animals. Cysts for this organism remain 
alive in water for 47 days (Hooda et al., 2000).  
 
Salmonella is a water pathogen which causes gastroenteric infections in both humans and livestock 
animals (Johnson et al., 2003). Livestock manure is regarded as the main reservoir (Hooda et al., 
2000). This organism is also a major problem to livestock animals compared to humans. Water is 
contaminated with this organism through surface run-off after irrigation with infected excreta 






2.6.1.4 Oxygen demanding materials 
Oxygen-demanding materials are decomposed organic waste materials in water (Hubbard et al., 
2004). This method of determining the quality of water is, however, used by dairy industries. 
Organic matter from these decomposed waste materials serves as a substrate and an energy source 
for the survival of bacterial in water. These bacterial organisms utilize dissolved oxygen which is 
available in water to provide aerobic conditions (Hooda et al., 2000). Therefore, high levels of 
organic matter being discharged increases the rate of oxygen depletion (Hubbard et al., 2004). 
These oxygen demanding materials are usually measured by biochemical oxygen demand (BOD) 
or chemical oxygen demand (COD) (Hubbard et al., 2004). The BOD measures the content 
biologically degradable substances. In this technique, substances are broken-down by micro-
organisms in the presence of oxygen. The COD is technique which indicates the quantity of 
pollutants in wastewater which can be oxidized by a chemical oxidant. Reagents which are used 
in technique include acid solutions such as potassium dichromate/permanganate at high 
temperatures. During the process of this technique, consumption of oxidant provides a measure of 
the content of organic substances and is converted to a corresponding quantity of oxygen. 
 
Considering the above-mentioned factors used to assess water quality in drinking water of goats, 








2.7 Effect of water quality and breed on water intake 
Water quantity in goats depends on factors such as moisture in feeds, surface water such as dew 
and rain, physiological status, ambient temperature, taste, and quality. Unlike other types of 
livestock species, goats are more sensitive and cautious to the type and quality of water they 
consume (NRC, 1981). Goats have a lower water intake compared to other ruminants (Gihad, 
1976). Qinisa and Boomker (1998) reported a lower water intake for indigenous Pedi goats 
compare to sheep. Ferreira et al. (2002) and Al-Ramamneh et al. (2010) reported a lower water 
intake in Boer goats compare to sheep. Although goats have a good water management capacity 
compare to other ruminants, however, indigenous goat breeds more adapted and tolerant poor 
water qualities when compared to commercial breeds (McGregor, 2004). 
 
2.7.1 Intake of saline drinking water 
Intake of saline drinking with high salt content varies with species, breed and environmental 
temperature. Baker (1989) reported higher water intake associated with loss in body weight in 
goats which drank water with sodium chloride solution after dehydration. Burke (1990) reported 
high water intake associated with large volume urine excretion with high salute concentration to 
feral goats which drank seawater. The same author reported dry faeces from these goats. Attia-
Ismail et al. (2008) reported increase in water intake for both sheep and goats in response to an 
increase in salt levels (8.15 g TDS/L) in drinking water. Goats had lower water intake when 
compared to sheep. However, at higher salt level (12.33 g TDS/L) in drinking water, for both 
species there was depression in water intake which was an indication that both species are not 





reported average daily water consumption of saline drinking water with a high salt content to be 4 
l/animal/day depending on the environmental temperature. However, under high environmental 
temperature conditions, water consumption is expected to increase (Suttle, 2010). 
  
2.7.2 Growth and physiological responses to saline drinking water 
Goats which have been fed saline drinking water with a high salt content have a higher water intake 
and reduced feed intake (McGregor, 2004). Saline drinking water which has a high salt content, 
causes kids to have lower weight gain (11.66 versus 10.66)  and weaning weight (116.25 versus 
105.72) (Abdalla et al., 2013). 
 
Feed intake depression associated with higher water intakes and body weight loss is a basic method 
of measuring the extent at which animals can tolerate saline drinking water with excessive salt 
levels (Gihad, 1993; McGregor, 2004). Baker et al. (1989) reported weight loss in goats receiving 
saline drinking water after dehydration. Ru et al. (2005) reported an increase in water intake of 
Red and Fallow weaner deer at increasing salt levels in drinking water. These observations were 
associated with weight loss and feeding depression. Earlier research reports from Attia-Ismail et 
al. (2008) reported feeding depression in goats receiving drinking water with salt levels above 8.15 
g TDS/L. 
 
Physiological and behavioural mechanisms developed by goats to tolerate drinking water with 





of the kidney in reducing urinary water loss during dehydration; feeding during cooler times of the 
day; increased urinary output; increased water intake and decrease in feed intake; increased rate of 
respiration (Gihad et al., 1993). Adaptive mechanism responsible for tolerance to drinking water 
with excessive salt levels in goats include reduction of moisture in faeces, increased urine volume 
associated with high water intake; and increased sodium potassium adenosine triphosphatase 
(NAK ATPase) in the ileum, liver and kidneys (Burke, 1990; McGregor, 2004). Sodium/potassium 
ATPase enzyme levels in the liver, ileum and kidneys of goats receiving drinking water with 
excessive salt levels is responsible for regulating sodium out of the cells and potassium into the 
intracellular space. McGregor (2004) reported the function of this enzyme after four days when 
goats were receiving saline drinking water. 
 
2.8 Measures of assessing health status of goats drinking saline water 
Early proper diagnosis of salt poisoning is a pre-requisite loss in livestock. Methods which can be 
employed in determining health status of goats receiving saline drinking water include feed intake, 
water intake, body weight loss, urine output, rectal temperature, respiration rate, sodium/potassium 
ATPase enzyme levels in the ilium, frequency of urination, blindness, ataxia (incoordination), 
abdominal pain, diarrhoea, excessive thirst, weakness, head pressing and death. 
 
2.8.1 Urine output 
The use of urine specific gravity in determining urine volume and health status of livestock has 
been reviewed by many authors (McGregor, 2004; Parrah et al., 2013; Jacob et al., 2014). This is 





The test measures solute concentration (urine sodium, potassium, urea, and chloride content), urine 
density and the capability of the kidney to concentrate or dilute urine over that of plasma. Chemical 
properties for this technique are relative to the concentration of sediments by measuring its volume 
(Parrah et al., 2013). In addition, since resource-limited communal farmers cannot afford 
veterinary costs for diagnosing animals, colour observation of urine could be used as a health status 
indicator for goats which are experiencing salt poisoning. Since there is a relationship between 
urine colour and the concentration of solutes in urine. On the other hand, other parameters such as 
feed and water intake, rectal temperature and respiration rate, and frequency of urination work 
hand in hand with specific gravity in determining health status of goats under saline drinking water. 
 
2.8.2 Rectal temperature and respiratory rate 
Rectal temperature is a reference guide to the animal’s general health. Although this parameter 
used as an indicator for the animal’s general health, however, it need can only be used with other 
parameters in order to make conclusions about the health status of the animal. This parameter is 
influenced by many factors such as environmental temperature, season, activity and age of the 
animal, physiological status, disease and nutrition (Appleman and Delouche, 1958; Goodwin, 
1998). In goats, rectal temperature ranges between 38.5 and 39.7℃ (Ayo et al., 1998; Goodwin, 
1998). 
 
2.8.3 Frequency of drinking and urination 
Frequency of drinking and urination is associated with urine volume output. Under conditions of 





moisture content in faeces (McGregor, 2004). Goats excreted excess amount of solutes which are 
of higher concentration and which are not desired by the body such as urea at the same time not 
releasing any water content from the body through sweating or high moisture content in faeces 
(Qinisa and Boomker, 1998; Silanikove, 2000). 
 
2.8.4 Symptoms of salt poisoning 
Rapid breathing, blindness, ataxia (incoordination), high temperature, abdominal pain, diarrhoea, 
excessive thirst, weakness, head pressing, death are common signs of salt poisoning which is 
reported in literature (Bagley, 1997; McGregor, 2004a; Abdalla et al., 2013). The technique could 
easily be adopted by resource-limited smallholder farmers under communal farming system in 
assessing goats which are negatively affected by saline drinking water.  
 
2.9 Summary of literature review 
Goats have the potential to contribute positively to income of resource-limited smallholder 
communal farmers under arid and semi-arid environments were water is a scarce resource. 
However, goats are constrained by many factors inherent in under these communities. These 
constraints include high occurrence of diseases and parasites, and saline drinking water with a high 
salt content. The impact of these constraints varies with geographical location, communities, socio-
economic backgrounds of the households and climatic change. Water scarcity associated with an 
increase salt content in available surface drinking water is projected to increase which can cause 
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Chapter 3: Factors influencing water scarcity for goats in resource-limited communal 
farming environments 
Abstract 
The objective of the current study was to compare factors influencing water scarcity for goats in 
areas where there are seasonal and perennial rivers under resource-limited communal farming 
environments. Data were collected using structured questionnaire (n = 285) administered randomly 
to smallholder goat farmers from areas where there are seasonal rivers and perennial rivers. 
Ceremonies were ranked as the major reason for keeping goats. Water scarcity was ranked as the 
major constraint to goat production in areas where there are seasonal rivers when compared to 
their counterparts (P < 0.05). Dams were ranked higher as a water source for goat drinking in areas 
where there are seasonal river systems compare to rivers which was ranked higher in areas where 
there are perennial river systems during the rainy season. Rivers were ranked higher as a water 
source for goat drinking in both areas where there are seasonal and perennial river systems during 
the cool dry season. About 8 and 26 % of the elderly respondents reported that over the past 30 
years, the river that are seasonal used to be perennial flow. Households located close (≤ 3 km) to 
the nearest water source and areas where there are seasonal rivers reported drinking water for goats 
a scarce resource compare to those located far (> 3km) from the nearest water source and located 
in areas where there was perennial rivers. Negative effects of climate change associated with 
drought conditions increased incidences of dry spells during the rainy seasons and short season 
varieties. It was concluded that river systems, seasonal water sources, distance from the nearest 





major factors which influenced water scarcity for goats in resource-limited communal farming 
environments. Although farmers did not regard water quality as a factor which causes water 
scarcity, however, water quality is an attribute which affects livestock. 
 
Keywords: seasonal rivers; perennial rivers; water sources; droughts. 
 
3.1 Introduction 
Amongst resource-limited farmers, goats are ranked second as the main sources of income (Masika 
and Mafu, 2004, Delali et al., 2006). Resource-limited farmers mainly keep goats for slaughter 
during traditional ceremonies, and to a lesser extent for milk, manure, skins, cashmere and mohair 
(Masika and Mafu, 2004; Rumosa Gwaze et al., 2009). Goats contribute to household economy 
helping maintain output for crop production by using its manure and urine as a free organic 
fertiliser (Lebbie, 2004). Socio-economic and cultural value of goats, however, varies between 
communities (Mahanjana and Cronje, 2000). 
 
River systems which forms main rivers that are used by resource-limited farmers for crop 
irrigation, drinking water for humans and livestock are a combination of many water sources such 
as underground springs, run-off from rain, snowmelt, and glacial melt to form the main river. Main 
rivers are mainly divided to seasonal and perennial rivers. Seasonal rivers are dependent on rainfall 






Common constraints to goat production and productivity under smallholder resource limited 
communal systems include high prevalence of diseases and parasite, poor management, limited 
available forage, and poor marketing management (Rumosa Gwaze et al., 2009; Slayi et al., 2014). 
Although water scarcity is hardly reported as a constraint to goat production and productivity in 
communal farming systems, it is increasingly becoming a huge challenge, particularly in the face 
of climate change. For example, in 2015, the KwaZulu-Natal province of South Africa was 
declared a water scarce province. Reduced water levels in dams, drying of rivers due to drought 
caused by prolonged dry seasons were evident (Chabalala, 2015). These drought conditions 
negatively affect rural communities which results in water shortages for both livestock and 
humans. These drought conditions increase livestock mortality (Mhlongo, 2015). Some 
commercial farmers which are severely affected by these drought conditions have resorted to 
purchasing water for their livestock or destocking (Pieterse, 2015). 
 
Water scarcity for goats under communal resource-limited farming systems has important 
consequences on herd management, feeding strategy and flock health. Much attention is put on 
cattle and other intensively managed livestock. Little effort is placed on goats since they are 
considered to be resilient to water shortage. To improve goat production and productivity for 
smallholder farmers in communal farming systems, better understanding is needed on factors 
influencing water scarcity for goats. Therefore, the objective of the current study was to compare 





under resource-limited communal farming environments. It was hypothesized that factors which 
causes water scarcity for goats was lower for households with access to perennial river systems 
than those without. 
 
3.2 Material and methods 
3.2.1 Description of study site 
The study was conducted at KwaNongoma (27° 53′S 31° 38′E) in northern KwaZulu-Natal, South 
Africa under Nongoma local municipality, Zululand district municipality. Nongoma is 
characterized by mountainous areas with a topography that varies with deep ravines and high cliffs. 
Classification of regions from the study site was based on types of river systems. Seasonal rivers 
only had water during the rainy seasons for November to February and they become dry during 
dry seasons. Perennial rivers had water available throughout the year. Perennial river systems from 
the study site include Ivuna River, Black Mfolozi River and Mona. Bululwane, Manzimakhulu, 
White-Sizilinda, Mngeni, Mseba, Entwani, and Wela rivers. Were seasonal river systems which 
provided water for both humans and livestock. 
 
The average annual rainfall in northern drier parts were there are seasonal river systems is < 600 
mm, and between 800 and 1000 in wet areas where there are perennial river systems. Rain falls 
between November and February (Mpanza, 1996). However, the highest rainfall recorded is during 
mid-December and lowest rainfall recorded in July. The average maximum and minimum mean 





and lowest temperature recorded in June. Vegetation is mainly characterised with Zululand 
thornveld, and northern tall grassland. 
 
Apart from keeping goats, farmers from both regions also reared cattle and chickens. All grazing 
animals grazed on communally owned land and are kept in kraals at night. Most farmers in areas 
where there are perennial rivers herded their goats while most farmers in areas where there are 
seasonal rivers practiced free grazing system were goats are allowed to graze and browse freely. 
 
3.2.2 Household selection and data collection 
Selection of the study site was based on the fact that water is a scarce resource for both humans 
and livestock drinking (Savides, 2015). Selection of participants for the study was based on goat 
ownership, distance to the water source which is used by goats for water drinking and the use of 
either seasonal or perennial rivers as a water source for drinking. 
 
Selection of households that kept goats was done with the assistance of local farmers association, 
local traditional leaders (chiefs and chief advisors) and extension officers from the Department of 
Agriculture officials. Villages from each area were selected randomly. Selection of households 
from each village was done based on goat ownership, a household with a minimum of 10 goats 
and the willing to participate in the study was interviewed. Goats from each household which was 





community which assisted with data collection on historical availability of water for livestock, 
particularly during the long dry seasons. The elderly members were those with at least 60 years of 
age. 
 
A total of 285 household goat owners were interviewed in July 2014. These farmers were from 
nine villages in areas where there are seasonal rivers, and 10 villages from areas where there were 
perennial rivers. An estimate of 186 household goat owners from areas where there seasonal rivers 
and 99 farmers from areas where there are perennial rivers were interviewed using a semi-
structured questionnaire (see Appendix 1). Questionnaires were translated in vernacular isiZulu 
language to improve the quality of responses from farmer when responding from questions and 
also to improve the quality of data capture. Household heads, goat keepers, and elderly members 
of the communities were targeted for the interviews. Secondary data about livestock species kept, 
water sources and water availability comparison for the past 30 years were obtained from key 
informants who were elderly members of each village and agricultural extension officers. Transect 
walks were conducted for each village in grazing areas and different water sources for personal 
observations vegetation grazed and browsed and water availability for goats drinking. Five trained 
enumerators administered the questionnaires. 
 
Aspects covered in the questionnaire included household demographic, goat production, water 






Ethical clearance (HSS/0287/014M)) for the study was granted by the University of KwaZulu-
Natal (Appendix 2). 
 
3.2.3 Statistical analyses 
All data were analysed using SAS (2010). General linear model was used to determine household 
size and flock/herd sizes of different livestock species kept. Mean rank scores for reasons of 
keeping goats, goat production constraints and water sources for goats were determined using a 
general linear models (GLM) SAS (2010). Chi-square tests of association were computed for goat 
production constraints and comparison of river flow during the dry seasons over the past 30 years. 
An ordinal logistic regression (PROC LOGISTIC) was used to determine factors associated with 
households experiencing water scarcity. The results were interpreted for age, gender, river systems 
(seasonal and perennial rivers systems), production system (extensive and semi-intensive), goat 
flock size, distance from the water source, and water quality assessment. The logistic regression 
model is: 
𝐿𝑜𝑔𝑖𝑡(𝑃𝑖) = 𝐿𝑜𝑔 [
𝑃𝑖
1−𝑃𝑖
] =  𝛽0 +  𝛽1𝑋𝑖1 + ⋯ +  𝛽𝑡𝑋𝑖𝑡  ...equation 1 
𝑃 (𝑌𝑖 = 1) =  
𝐸𝑋𝑃 (𝛽0+ 𝛽1𝑋𝑖1+⋯+ 𝛽𝑡𝑋𝑖𝑡)
1+ 𝐸𝑋𝑃 (𝛽0+ 𝛽1𝑋𝑖1+⋯+ 𝛽𝑡𝑋𝑖𝑡)
                               …equation 2 
Where i=1, 2,.., n and n is the sample size. Estimate 𝛽0 is the model intercept and 𝛽𝑗(𝑗 = 1, 2, … , 𝑡) 
where t is the number of predictors in the model. 





[𝑃𝑖/1 − 𝑃𝑖] = odds of a household experiencing water scarcity. 
 
3.3 Results 
3.3.1 Household demography 
No differences were detected in the household demographics, flock and herd sizes among the 
communities. Details of gender, age, level of education, household size and are shown in Table 
3.1. More than 49 % of households were composed of youth. Elderly members of each community 
were household members more of than 60 years of age. More than 60 % of households are headed 
by males. The level of literacy was low since less than 3 % of respondents had formal education. 
Average household size was 8. Average herd/flock size was 11, 14, 1, and 17 for cattle, goats, 
sheep and chickens, respectively. Goats contributed to household income by selling live animals 
and making traditional clothes which were sold to local people. Pigs, donkeys, peacocks, geese, 
and ducks contributed little to household income. 
 
Grazing areas was shared by farmers. Transect walks revealed that grazing areas where water 
sources which are used by goats for drinking were about 3 km away from the nearest household. 
Water sources which were used by goats were also used by humans for drinking. Rangeland sizes 
were large, however, they were in poor condition. Dominant vegetation and plant species were 






More than 50 % of the heads of household depended on social grants from the government (Table 
3.1) which was R16 200 per annum for the elderly and R3 840 for child support. Other sources of 
income such as salary, livestock and livestock products, vegetables and crops, all contributed lesser 
extent to household income. Other sources of income were ploughing for neighbours and taxi 
driving. Household demographic characteristics were similar between households with access to 
perennial rivers and those without. 
 
3.3.2 Roles and functions of goats 
Table 3.2 shows rankings for major purposes of keeping goats. Rankings were similar between the 
two communities. Traditional ceremonies was the major purpose of keeping goats followed by 
sales of lives animals. Traditional ceremonies are common practices are a set of beliefs performed 
in celebrating a particular event. In the context of African traditional religion, the amaZulu tribal 
group use goats when communicating with their ancestors. Goats are slaughtered first before 
proceeding with any activities of the ceremony. 
 
3.3.3 Constraints to goat production 
Ranking of goat related constraints varied across both areas where there were seasonal and 
perennial rivers (Table 3.3). High prevalence of diseases and gastrointestinal parasites were ranked 
first and second most important constraints to goat production in areas where there are seasonal 





Table 3.2: Socio-economic profiles, least square means (± SE) herd/flock sizes of different 
livestock species kept per household and household size 
Gender  
Males (%) 67.4 
Females (%) 32.7 
  
Age group  
< 30 years (%) 28.1 
30 – 60 years (%) 49.1 
More than 60 years (%) 22.8 
  
Household size 8.1 ± 0.33 
  
Highest education  
No education (%) 30.8 
7 years of education (%) 39.0 
12 years of education (%) 28.0 
Tertiary education (%) 2.2 
  
Household income  
Crops (%) 5.0 
Livestock sales (%) 11.6 
Livestock products (%) 7.4 
Salary (%) 16.0 
Government old age and social grant (%) 50.7 
Other (%) 9.2 
  
Livestock species  
Cattle 11.5 ± 1.40 
Goats 14.5 ± 1.23 
Sheep 1.8 ± 0.67 
Chickens 17.2 ± 1.85 
Pigs 0.3 ± 0.12 
Donkeys 0.2 ± 0.16 
Peacock 0.1 ± 0.03 
Geese 0.3 ± 0.07 





Table 3.2: Ranking of the reasons for keeping goats 
Goat use Rank 
Meat 3 (2.17) 
Milk 4 (2.33) 
Manure 6 (3.23) 
Skin 7 (3.37) 
Sales (live goats) 2 (2.06) 
Investments 5 (2.52) 
Ceremonies 1 (1.61) 
Gifts 8 (4.43) 
1The lower the mean ranked score (rank) of a use the greater its use.  









thefts as constraints to goat production. Water scarcity was ranked third in areas where there were 
seasonal rivers compare to fifth ranking in areas where there are perennial rivers. Goat thefts were 
ranked fourth in areas where there are seasonal rivers compare to sixth ranking in areas where 
there are perennial rivers. 
 
3.3.4 Water sources for goats 
Ranking of common water sources which contributes to water drinking for goats are shown in 
Table 3.4. Boreholes were generally ranked higher for both areas where there are seasonal and 
perennial rivers during the rainy season compare to the cool dry season. In areas where there are 
seasonal rivers, usage of boreholes was higher during the cool dry season when compared to the 
rainy season. However, contribution of boreholes as a water source for goats were higher in areas 
where there are perennial rivers (P < 0.001) during the rainy season when compared to areas where 
there are seasonal rivers. Contribution of dams as a water source for goats was higher in areas 
where there are seasonal rivers during the rainy season compare to the cool dry season (P < 0.001). 
When compared to areas where there are perennial rivers in the rainy season, dams had a higher 
contribution as a water source for water drinking of goats in areas where there are seasonal rivers 
(P < 0.001). The use of rivers as a water source was higher in areas where there are perennial rivers 







Table 3.3: Goat production constraints faced by communal goat farmers in KwaNongoma, 
KwaZulu-Natal, South Africa 
Constraint River systems Significance 
Seasonal Perennial 
Water scarcity 3 (1.57) 5 (1.73) * 
Feed shortages 5 (1.64) 4 (1.69) NS 
Ecto-parasites 6 (1.65) 3 (1.54) NS 
Gastrointestinal parasites  2 (1.53) 1 (1.48) NS 
Diseases 1 (1.43) 2 (1.48) NS 
Thefts 4 (1.61) 6 (1.77) * 
Predators 7 (1.94) 7 (1.94) NS 
The lower the rank (mean rank score) of a constraint, the greater its importance 
Values in parenthesis indicates means for ranks 





Table 3.4: Ranking of water sources for goats during the rainy and cool dry season 
Water source Rainy season Cool dry season Significance 
Seasonal Perennial Seasonal Perennial 
Boreholes 5 (1.96) 5 (1.73) 4 (1.87) 4 (1.80) *** 
Dams 1 (1.26) 2 (1.56) 3 (1.80) 2 (1.72) *** 
River 2 (1.27) 1 (1.23) 1 (1.69) 1 (1.46) *** 
Springs 4 (1.62) 4 (1.60) 2 (1.77) 3 (1.80) NS 
Rainwater 3 (1.61) 3 (1.59) 5 (1.96) 5 (1.90) * 
The lower the rank (mean rank score), the greater its importance 
Values in parenthesis indicates means for ranks 





The contribution of rivers as a water source for goats was higher in areas where there are seasonal 
rivers during the rainy season compare to the cool dry season in the same area. When compared to 
areas which has perennial rivers, rivers had a higher contribution as a water source for water 
drinking of goats in areas where there are perennial rivers (P < 0.001) during the rainy season. 
Although rivers were of same ranking level as a water source for water drinking in goats during 
the cool dry season in areas where there are seasonal and perennial rivers, however, the use of 
rivers was higher in areas where there are perennial rivers (P < 0.001) compared to areas where 
there are seasonal rivers. 
 
In areas where there are seasonal rivers, rainwater generally had a greater use as a water source for 
water drinking in goats during the rainy season when compared to the cool dry season. Rainwater 
was of greater use in areas where there are perennial rivers during the rainy season when compared 
to areas where there are seasonal rivers. In areas where there are perennial rivers (P < 0.05), the 
use of rainwater as a water source for water drinking in goats was higher compare to areas where 
there are seasonal rivers during the cool dry season. 
 
3.3.5 Odds ratio estimates for farmers experiencing water scarcity 
The odds for occurrence of water scarcity in goats are shown in Table 3.5. The probability of goats 
experiencing water scarcity in areas where there were seasonal rivers (P < 0.05) were 10.95 higher 
compare to goats which were in areas where there were perennial rivers. Goats which were owned 





2.52 more likely to report water scarcity for goats compare to goats which were owned by 
households located far (> 3 km) from the nearest water sources (P < 0.05). 
 
3.3.6 Comparing the flow of rivers during dry seasons over the past 30 years 
Possible changes in climate change and its impact on availability of water for goats over the past 
30 years sought from the elderly members of the community. Secondary informants reported more 
than 8 % of perennial rivers which changed to seasonal rivers over the past 30 years in areas where 
there are seasonal river systems. In areas where there perennial river systems, respondents reported 
more than 26 % changes in perennial rivers to seasonal rivers over the past 30 years. More than 58 
% of secondary informants also reported a decrease in the length of the rainy season. 35 % of these 
respondents also reported increased frequencies of dry spells during the rainy season. More than 
70 % of these respondents also reported an increase in short season varieties and the use of drought 
resistant crops such as sorghum and millet. 
 
3.4 Discussion 
The observed chicken flock sizes which were higher than goat flock sizes followed by cattle herds, 
respectively agree with Ncobela (2014). The mean flock size of 15 goats per household agrees 
with the previous findings of Mahanjana and Cronje (2000). Similarities in goat flock sizes per 
household between the two areas where there are seasonal and perennial rivers explain the 
tolerance of goats to harsh environmental conditions were water is a scarce resource. These 





Table 3.5: Odds ratio estimates, lower (LCI) and Upper (UCI) confidence interval of water 
scarcity in KwaZulu-Natal Province 
Predictor Water scarcity Significance 
Odds LCI UCI 
River systems (seasonal versus perennial) 10.95 5.34 22.42 * 
Age (youth versus adult) 1.25 0.43 3.66 NS 
Gender (male versus female) 1.95 1.00 3.78 NS 
Flock size 0.99 0.97 1.01 NS 
Household size 1.00 0.92 1.08 NS 
Production system (extensive versus semi-
intensive) 
0.64 0.19 2.17 NS 
Distance (≤ 3 km versus > 3 km) 2.52 1.19 5.33 * 
Water quality assessment     
             Colour versus smell 0.64 0.19 2.17 NS 
             Taste versus smell 0.74 0.20 2.71 NS 
             Acceptability versus smell 0.57 0.17 1.92 NS 
Siltation (yes versus no) 0.75 0.20 2.75 NS 
N.B: Higher odds ratio estimates indicate greater difference in occurrence between levels of 
predictors. 
If the upper confidence interval >1- * significantly difference; If the upper confidence interval 
<1- not significantly (NS) different 
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Mandonnet, 2005). The observation that most farmers receive government grants reveal that 
household income is low. These findings also reveal that most farmers who keep goats as part 
of their livestock do afford to purchase water and subsidize goats from local suppliers in areas 
where there are seasonal rivers especially during the seasons when water in not available from 
common water sources. 
The findings that major reasons for keeping goats were to perform traditional ceremonies, meat 
and sale of live animals was also reported earlier (Mahanjana and Cronje, 2000; Masika and 
Mafu, 2004; Rumosa Gwaze et al., 2009b). This means that function of goats are similar with 
communities. Traditional ceremonies are common practices which are a set of beliefs 
performed in celebrating a particular event. The observation that farmers use goats for 
performing ritual ceremonies explains the importance of goats to rural communal farmers in 
any sociocultural activities. 
 
The findings that diseases, gastrointestinal parasites and water scarcity were the major 
constraints to goat production were reported earlier (Slayi et al., 2014; Al-Khaza’leh et al., 
2015). Resource-limited farmers in most communal production systems do not treat against 
diseases and gastrointestinal parasites, instead they expect goats to be hardy. Another reason 
to this could be the fact that areas where there are perennial rivers have climatic conditions 
which provides moisture that favours egg incubation, growth of ticks and gastrointestinal 
parasites especially during the rainy seasons since earlier onset of spring and warmer winters 
allow some parasites and pathogens to strive (Ragab and Prudhomme, 2002). Water scarcity 
could be most likely be influenced by climatic conditions and decrease in rainfall frequency 
which results in drought conditions (Pereira et al., 2002). Areas which have seasonal rivers are 
more prone to droughts when rainfall frequencies decrease. However, this results in available 




The observed use of boreholes as a water source for goats in both areas where there are seasonal 
and perennial rivers for both rainy and cool dry seasons, marks the contribution of boreholes 
as an alternative water source for goats when water is not available in other available water 
sources. Greater use of this water source during the cool dry season in areas where there are 
perennial rivers marks the availability of water in these areas. Greater use of dams as the major 
water source for goats in areas where there are seasonal rivers during the rainy season 
highlights the reliance of goats for these households. Greater use of rivers in both seasons for 
both areas where there are seasonal and perennial rivers marks the importance of this water 
source to goats for water drinking. Greater reliance on rivers during the cool dry season was in 
areas where there perennial rivers. Greater reliance on rivers when compared to other water 
sources in areas where there are seasonal rivers during the cool dry season could be influenced 
by the fact that other water sources are becoming dry. Greater use of rainwater as alternative 
water source for goats in areas where there are perennial rivers during the dry season indicates 
that water for goat drinking is freely available in these areas. 
 
The observation that more than 8 and 26 % of perennial rivers which converted to seasonal 
rivers in areas where there are seasonal and perennial river systems respectively, shows that 
climate change could have had a negative effect to available water sources which are used by 
goats for water drinking. Conversional of rivers from perennial to seasonal indirectly agree 
with predictions of Ragab and Prudhomme (2002) who predicted an annual rainfall decrease 
for Southern Africa of between 5 and 15 %, especially in regions where there are arid and semi-
arid climatic conditions. Negative effects of climate change and environmental factors have 
been reported to a decrease in body weight of goats over time (Mason et al., 2014). Although 
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limited evidence has been shown on the effect of climate and change on a decrease in body size 
Nguni goats over time, small body size of Nguni goats could also be influenced by reduced 
water availability for drinking, increase environmental temperatures influenced by climate 
change which could results to a reduced forage quality in available. However, this reduces the 
ability of energy stored reserves for growth. 
 
Decrease in the length of the rainy season, increase frequencies of dry spells during the rainy 
season and short season varieties reveal the negative effect of climate change on seasonal 
distribution and inter-annual variability of rainfall. Short rainy season associated with less 
rainfall and increase in evaporation rates causes a decrease in available water for drinking in 
water source. This results in water shortages. The use of drought resistant crops such as 
sorghum and millet is evidence that water is a scarce resource for goats during the rainy 
seasons.   
  
The findings that seasonal rivers had a higher probability of causing water scarcity for goats 
agree with the findings that areas where there are seasonal river systems, storage water sources 
were the most dominant water source used by goats in both rainy and dry seasons. These 
findings also agree with the findings influenced by negative effects of prolonged drought 
conditions in the conversion of perennial rivers to seasonal rivers which are water source used 
by goats. Despite the fact that farmers did not regard water quality as a factor which causes 
water scarcity, water is an attribute which affects livestock. 
 
The findings that farmers which reported water scarcity for goats were located close the nearest 
water sources implies that water sources located to households which are used by goats are 
more progressively becoming worse and while those located far from households are being 
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under-used. This could also be influenced by a competition that exist between humans and 
goats for available water in available water sources. As a result, goats walk long distances 
searching for water in order to survive conditions of water scarcity. 
 
3.5 Conclusions 
Boreholes, dams, rivers and rainwater were the most preferred water sources for water drinking 
in goats. Dams were ranked as the most highly used water source for water drinking in goats 
in areas where there are seasonal rivers compare to areas where there are perennial rivers were 
rivers were ranked as the most commonly used water source during the rainy season. Rivers 
where ranked the most commonly used water source for goat drinking in both areas where there 
are seasonal and perennial rivers during the cool-dry season. Water scarcity was higher in areas 
where there are seasonal rivers compare to areas where there as perennial rivers. Decrease in 
the length of the rainy season, increased frequencies of dry spells during the rainy season and 
increase in short season varieties caused water shortage for goats. It was concluded that river 
systems, and the distance from the nearest water source were major factors which influenced 
water scarcity for goats in resource-limited communal farming environments. Since water 
scarcity is associated with an increase in salinity of surface water bodies, it is important to 
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Chapter 4: Effects of drinking saline water on growth performance and physiological 
responses in Nguni goats 
Abstract 
The objective of the current study was to assess the extent to which Nguni goats can tolerate 
drinking saline water. Average daily feed intake (ADFI), average daily water intake (ADWI), 
average daily gain (ADG) and physiological parameters were monitored. Thirty six clinically 
healthy non-lactating Nguni goats with an average body weight of 19.9 ± 5.4 kg were assigned 
to each of three treatments (0, 5.5 and 11 grams of total dissolved salts per litre (g TDS/L)). 
Each treatment had 12 goats that were individually penned. The rectal temperature (RT), pulse 
rate (PR) and respiration rate (RR) were measured once a week for 56 days. Goats which 
received 5.5 g TDS/L salt level had a significantly higher ADFI and ADG when compared to 
those on the 11.0 g TDS/L salt level. The PR was significantly higher in goats that received 11 
g TDS/L than those on the 5.5 g TDS/L salt level. It was concluded that Nguni goats can tolerate 
drinking water with salinity levels not above 5.5 g TDS/L. 
 
Keywords: Average daily feed intake; average daily water intake; pulse rate; rectal 
temperature; respiration rate 
 
4.1 Introduction 
Water scarcity is a global crisis for both humans and the agricultural sector (Getu, 2015). Key 
factors which contribute to water scarcity include climate change (Ragab and Prudhomme, 
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2002), increase in economic growth, aridity, frequency of droughts and increasing human 
population (Thornton et al., 2009). 
 
Nguni goats are the predominant breed among resource-limited communal farmers in Southern 
Africa. They are adapted to local conditions. They are also tolerant to diseases and parasites 
(Lebbie, 2004). They have the ability to utilise fibrous feeds of poor quality (Lebbie, 2004). 
They also have a high social and cultural value to communal resource-limited farmers.  
 
In these farming systems, water is a scarce resource. Available water sources which are used 
by both humans and goats contain high salt content levels (Meyer and Casey, 2000) than 
normal, were sodium chloride is the major constituent (Gihad et al., 1993). Excessive salt 
concentrations from available water in these water sources is a result of high salt levels in the 
soil. High salt levels in the soil is a result of drought conditions influenced by increased air 
temperature and high evaporation rates associated with reduced rainfall (Ragab and 
Prudhomme, 2002; Mhlongo, 2015). Although extensive research has been done to assess the 
extent to which livestock can tolerate drinking water with high salt levels (McGregor, 2004; 
Attia-Ismail et al., 2008), limited research has been done, if any, to assess the extent to which 
Nguni goats can tolerate drinking saline water. Understanding the ability of Nguni goats to 
tolerate saline water or greywater can ensure that wastewater or grey water can be utilised for 
goat production and recycling of water resources can reduce water demand. 
 
Therefore, the objective of the current study was to assess the extent to which Nguni goats can 
tolerate drinking saline water. It was hypothesized that increasing salinity of drinking water 
increases feed intake, water consumption and growth rate of Nguni goats. 
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4.2 Materials and Methods 
4.2.1 Study site 
This study was conducted at the University of KwaZulu-Natal Research Farm (Ukulinga), 
Pietermaritzburg, KwaZulu-Natal. It is approximately 700 m above sea level in subtropical 
hinterland. Climatic conditions at this farm are characterized with an annual rainfall of 735 mm 
which falls mainly in summer between October and April. The maximum and minimum mean 
annual temperatures are 25.7 and 8.9℃, respectively. Light to moderate frost occurs mainly 
during the cool-dry season. 
 
4.2.2 Saline water treatments 
Reservoir water was used and the control treatment level for the experiment. Salinity level of 
the reservoir water was determined by measuring the total dissolved salt using a conductivity 
meter (CDM210) and was expressed in grams total dissolved salts per litre (g TDS/L). 
Reservoir water had a salinity level of 0.033 g TDS/L. Other saline treatment levels were 
prepared by adding sodium chloride (NaCl) to the control which was adjusted to 5.5 and 11 g 
TDS/L. Drinking water for goats was prepared on a daily basis for each goat. Ethical approval 
was provided by the University of KwaZulu-Natal (see Appendix 3). 
4.2.3 Goats, diets and experimental design 
Thirty six clinically healthy adult female Nguni (between the ages of 18 and 36 months), non-
lactating goats were used in the study. These goats were purchased from Jozini communal area. 
All the goats were weighed and the average body weight was 19.9 ± 5.4 kg. The goats were 
put into 12 groups, based on body weight. From the three goats in each group, each goat was 
randomly assigned to each saline treatment level. The arrangement was used to ensure that 
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body weights of the goats are similar among the three saline treatment groups. All goats were 
housed in individual 140 × 80 cm pens. 
 
During the 14 days adaptation period, water was given to each goat ad libitum to determine 
daily water intake for each goat. Nutrient requirements for growing goats were determined 
using AFRC (1993). Lucerne hay (Medicago sativa) hay, which met the nutrient requirements 
for maintenance and growth (80 g/day CP; 5.69 MJ/day ME), was milled to pass through a 1 
mm sieve before it was provided to each goat.  
 
All chemical analyses were done in the Animal Science Laboratory of the University of 
KwaZulu-Natal, Pietermaritzburg. Dry matter, organic matter and ash were analysed using the 
procedures described by the Association of Official Analytical Chemists (AOAC, 1990). 
Nitrogen content in hay was determined by combustion using a LECO FP2000 machine 
(Pretoria, South Africa). Crude protein content was calculated by multiplying the nitrogen 
content by a factor of 6.25. Neutral detergent fibre and acid detergent fibre were determined 
according to van Soest et al. (1991) using the ANKOM machine (ANKOM Technology, 
Fairport, New York, USA). Crude fat content was determined using the Soxhlet method 
(Soxhlet Buchi machine, Switzerland). Calcium and phosphorus content was determined using 
the inductively coupled atomic emission spectrophotometer (ICP-AES) (Spettrometro (ICP-
AES) Vista MXP Rad Varian). Nutritional composition of lucerne is given in Table 4.1. Feed 
provided to each goat was weighed using a digital scale to 0.05 kg. 
 
Before the commencement of the trial, all goats were drenched with Zolvix to control 
gastrointestinal nematodes using a drenching gun. Monopantel is the active ingredient in 
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Zolvix. Dosage rate was 1 ml per 10 kg body weight. Goats were kept for 56 days including an 
adaptation period of 14 days. 
 
4.2.4 Measurements 
4.2.4.1 Feed intake 
Each goat was offered 1 kg of lucerne hay, once a day at 0800 h for the duration of the study. 
Feed provided to each goat were placed in individual feeding troughs. A 100 % polypropylene 
50 kg sack was placed below each feeding trough to collect any feed spillages. Spillages were 
weighed and those which were contaminated with faeces and urine were discarded. Average 
daily feed intake (ADFI) was measured by calculating the difference between the initial weight 
and final weight of feed offered to each goat. Weight of feed was measured using a digital scale 
(METTLER TOLEDO) to the nearest 10 g. 
 
4.2.4.2 Water intake 
Water was offered to each goat on a daily basis using 5 litre (L) buckets. Buckets which 
contained water were placed next to feeding troughs and were tightened to pen railings using 
thin flexible metallic wires. To avoid contamination, water was frequently checked twice in a 
day. Average daily water intake (ADWI) for each goat was calculated as the difference in water 
volume between the final and initial volumes divided by the interval in days. Volume of water 
was measured to the nearest 10 mL using a plastic measuring cylinder. Loss of water due to 
evaporation was assessed by measuring the volume of water lost from an identical bucket 
which was kept beyond the reach of goats. 
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Table 4.1: Nutritional composition of Medicago sativa used in the experiment (g/kg DM) 
Component Content (g/kg DM) 
Dry matter 906 
Crude protein 135.9 
Acid detergent fibre 361.1 
Neutral detergent fibre 524.1 
Ash 88.60 





4.2.4.3 Body weight changes 
Before the commencement of the trial, all goats were weighed using a digital scale (PN-440 
sheep and goat scale) to the nearest 0.20 kg. Body weight (BW) for each goat was measured 
and recorded weekly at 0800 h before feed was provided using a digital scale (PN-440 sheep 
and goat scale) to the nearest 0.20 kg. Average daily gain (ADG), for each goat was calculated 
as the difference in weight between the final and initial weight divided by the interval in days 
from the dates the initial and final weights were taken. 
 
4.2.4.4 Rectal temperature 
Rectal temperature (RT) of goats was measured at 0800 h once every week to the nearest 0.1°C 
using a digital thermometer (Uniontech) n the same day when body weight was measured. 
Rectal temperature was measured and recorded before feed was provided to each goat. The 
thermometer was inserted in the rectum to full depth until a stable automated reading was 
obtained. 
 
4.2.4.5 Respiration rate 
The respiratory rate (RR) (breaths/min) for each goat was measured once every week at 0800 
h on the same day when BW and RT was being measured. The measurement was done by 
visually observation and counting the flank movements with the aid of a stop watch. Values 




4.2.4.6 Pulse rate 
Pulse rate (PR) (beats/min) was recorded once every week by counting the number of 
movement flanks on the artery below and slightly inside the jaw with fingers with the aid of a 
stop watch. The values were taken for one minute of regular breathing with the goat standing 
quietly. 
 
4.2.5 Statistical analyses 
The PROC GLM procedure of SAS (2010) was used to determine the effect of salinity levels 
on ADWI, ADFI, ADG, FCR, RT, RR and PR. A longitudinal repeated measures analysis was 
also used to test the effect of salinity levels in drinking water on ADWI, ADFI, ADG, FCR, 
RT, RR, and PR over time. The model was: 
𝑌𝑖𝑗𝑘𝑙 = 𝜇 + 𝑆𝑖 + 𝑇𝑗 + (𝑆 × 𝑇)𝑖𝑗 + 𝐵𝑙𝑊𝑘 + 𝑒𝑖𝑗𝑘𝑙 
Where 𝑌𝑖𝑗𝑘𝑙  is the individual observation, 𝜇 is the overall mean common to all observations, 𝑆𝑖 
is the salinity level, 𝑇𝑗is the effect time in weeks, (𝑆 × 𝑇)𝑖𝑗 is the interaction between salinity 
level and time, 𝐵𝑙𝑊𝑘 is the initial body weight and 𝑒𝑖𝑗𝑘𝑙 is residual error. 
 
The PROC REG (SAS, 2010) was used to determine the relationship between salinity levels 









4.2.3 Average daily feed intake 
The relationship between ADFI and salinity level in drinking water of goats is shown in Table 
4.2. Figure 4.1 shows the relationship between ADFI and time (weeks) for goats at various 
saline treatment levels. Average daily feed intake (ADFI) linearly decreased with increasing 
salinity levels in drinking water (P < 0.001). As salinity levels increased from 0 to 5.5 g TDS/L, 
ADFI decreased from 780 to 678 g/d. As salinity level increased from 5.5 to 11 g TDS/L, ADFI 
decreased from 678 to 448.98 g/d. Highest ADFI was observed in week 2 (P < 0.05) for control 
treatment level, and week 6 (P < 0.05) for both 5.5 g TDS/L and 11 g TDS/L treatment levels. 
Lowest ADFI was observed in week 1 for all treatment levels (P < 0.05). 
 
4.3.2 Average daily water intake 
The relationship between ADWI and various salinity levels in drinking water for goats are 
shown in Table 4.2. Figure 4.1 shows the relationship between ADWI and time (weeks) for 
goats at various saline treatment levels. Water intake linearly decreased with increasing salinity 
levels (P < 0.001). As salinity levels increased from 0 to 5.5 g TDS/L, ADWI decreased from 
1.23 to 1.01 l/d (P < 0.05), then generally decreased from 1.01 to 0.89 l/d at salinity level of 
5.5 to 11 g TDS/L. the ADWI generally increased over time. Highest ADWI for the control 
treatment level was observed in week 1 (P < 0.05), Week 2 for 5.5 g TDS/L treatment level, 
and week 5 for 11 g TDS/L treatment level. The lowest ADWI was observed in week 2 for the 




4.3.3 Average daily gain 
The relationship between ADG and various salinity levels in drinking water for goats are shown 
in Table 4.2. Figure 4.1 shows the relationship between ADG and time (weeks) for goats at 
various saline treatment levels. Average daily gain (ADG) significantly decreased with 
increasing salinity level (P < 0.05). As salinity level increased from 0 to 5.5 g TDS/L, ADG 
decrease was from 57.6 to 48.3 g/d. Further increase in salinity level from 5.5 to 11 g TDS/L, 
ADG further decreased from 48.3 to 17 g/d. There was no relationship between salinity levels 
and body weight gain. Highest ADG the control treatment level was observed in week 5 (P < 
0.05), week 1 (P < 0.05) for both 5.5 and 11 g TDS/L treatment levels. Lowest ADG was 
observed in week 3 for all treatment levels. 
 
4.3.4 Feed conversion ratio 
The relationship between FCR and various salinity levels in drinking water for goats are shown 
in Table 4.2. Figure 4.1 also shows the relationship between FCR and time (weeks) for goats 
at various saline treatment levels. FCR increased with increasing salinity levels in drinking 
water for goats. Highest FCR was observed in week 5 for the control treatment level, week 1 
for 5.5 and 11 g TDS/L treatment level (P < 0.05). Lowest FCR was observed in week 3 for all 
treatment levels.    
 
4.3.5 Physiological parameters 
There was a positive linear relationship (P < 0.05) between salinity level and physiological 
parameters (Table 4.2). Figure 2 also shows the relationship between salinity levels in drinking 
water against time. Salinity level in drinking water for goats had no significant effect on rectal 
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temperature (P > 0.05). Highest RT was observed in week 3 for all treatment levels. Lowest 
RT was observed in week 1 for all treatment levels. 
 
There was a positive linear relationship between salinity level and pulse rate (P < 0.05). As 
salinity level increased from 0 to 5.5 g TDS/L, pulse rate generally increased from 107 to 113 
beats per minute then significantly increased from 113 to 122 beats per minute. Highest PR 
was observed in week 3 for the control and 5.5 g TDS/L treatment levels, and week 2 for 11 g 
TDS/L treatment level. Lowest PR was observed in week 5 for the control treatment level, 
week 1 for 5.5 g TDS/L treatment level, and week 3 for 11 g TDS/L treatment level. 
 
Increasing salinity level had no significant effect on respiration rate (P > 0.05). Highest RR for 
both control and 11 g TDS/L treatment level was observed in week 3 (P < 0.05), and week 1 
for 5.5 g TDS/L treatment level. Lowest RR was observed in week 2 for all treatment levels. 
 
4.4 Discussion 
All goats were clinically healthy through the whole duration of the study. The current study 
focused in assessing the extent at which Nguni goats tolerate salinity levels in drinking water 
by measuring ADFI, ADWI, ADG, RT, PR and RR. It was expected that drinking water with 
increasing salinity levels will increase water and feed intake. Negative effects of climate 
change which results to drought conditions and cause water be a scarce resource for humans 
and livestock. Available water resources under these conditions are of poor quality were 
salinity level is at high level. Understanding the extent at which Nguni goats tolerate drinking 
water with increasing salinity level could help in evaluating possible use of other water sources 
in maintaining goat production and productivity if fresh water is not available.
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Table 4.2: Effect of increasing salinity levels on average daily water intake (ADWI), average daily feed intake (ADFI) average daily gain 
(ADG), feed conversion ratio (FCR), rectal temperature (RT), pulse rate (PR) and respiration rate (RR) in Nguni goats  
Parameters Salinity level (g TDS/L) SEM Linear regression coefficient Significance 
0 5.5 11 
ADWI (l/d) 1.23a 1.01b 0.89b -0.1744 61.91 *** 
ADFI (g/d) 780.24a 678b 488.98bc 17.94 35.49 *** 
ADG (g/week) 57.6a 48.3b 17bc   NS 
FCR 0.214 0.223 0.350   NS 
RT (℃) 37.87 38.18 38.47   NS 
PR (beats/min) 107a 113a 112ba 2.29 26.13 ** 
RR (breaths/min) 31 29 31   NS 
SEM = standard error of the mean; NS: not significant; * P < 0.05; ** P < 0.01; *** P < 0.001; n=12 
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a)  b)  
c)  d)  
Figure 4.1: Relationship between growth parameters to salinity levels in drinking water for goats against time  












































































a) b)  
c)   
Figure 4.2: Relationship between physiological responses to various salinity levels in drinking water for goats against time 



































































The observation that ADWI decreased with increasing salinity levels could be related to the fact 
that these goats were not adapted to drinking water which has excessive amount of salts. These 
finding agree with earlier reports (Gihad et al., 1993; Attia-Ismail et al., 2008). Low water intake 
at high salinity levels could be explained by goats not drinking saline water which exceeds their 
salt requirement levels. Although there was a poor relationship between salinity levels and ADWI, 
however, goats were responsive to increasing salinity level in drinking water though goats were 
not drinking high volume of water as expected in order to excrete excess salt ingested during water 
drinking. Reduced water intake could also be a sign of osmotic effect (Gihad et al., 1993). 
Observed difference in ADWI in week 1 could also be influenced by the fact that goats were still 
not adapted to drinking water which contains salt levels higher than normal drinking water. 
 
The observed decrease in ADFI at increasing salinity levels agree with earlier reports (McGregor, 
2004; Ru et al., 2005). This suggest that Nguni goats cannot tolerate drinking water with salinity 
levels above 5.5 g TDS/L since ADFI was depressed at 11 g TDS/L. Observed decrease in feed 
intake at salinity level above 5.5 g TDS/L could be an adaptive mechanism in which Nguni goats 
use in reducing salt levels in the blood. Sudden decrease in feed intake could also be influenced 
by an increase in ruminal pH which could be caused by high salinity levels in drinking water. 
Attia-Ismail et al. (2008) reported longer adaptation time in proteolytic bacteria under high salinity 
levels, as a result, during the adaptation phase of these bacteria, goats had depressed feed intake. 
Reduced ADFI for the current study could also be influenced by that fact that feed which was 
provided to each goat contained a relatively low water content which could reduce water balance 
in the body. Forages with high water content have been reported to maintain water balance in the 




Observations that FCR was lower for the control treatment level (P < 0.05) at week 1 reveal that 
at this treatment level, salinity levels in drinking water had no negative effect in ADFI and ADG. 
Higher FCR at 5.5 and 11 g TDS/L was influenced by lower ADFI and higher ADG. 
  
Findings that ADG decreased with increasing salinity levels in drinking water agree with earlier 
reports (Baker, 1989; McGregor, 2004; Ru et al., 2005). Reduced ADG could be influenced by 
reduced ADFI and ADWI at salinity levels above 5.5 g TDS/L. This could also be influenced by 
a direct osmotic effect in the blood (Gihad et al., 1993). The difference in ADG at week 1 and 
depressed ADG above 5.5 g TDS/L reveal that the extent at which Nguni goats tolerate salt levels 
in drinking water which is not above 5.5 g TDS/L. 
 
Although TR, PR, and RR are physiological parameters which are used to assess the general health 
of goats, however, at high salinity levels in drinking water for goats, TR, PR, and RR are expected 
to increase as salinity levels increase in drinking water. Increasing salinity levels in drinking water 
had no negative effects on RT and RR. The observed high PR at higher salinity levels in drinking 
water for goats was expected and agree with earlier reports (Baker, 1989; McGregor, 2004). The 
higher RR at 11 g TDS/L saline treatment level could suggest that Nguni goats were not tolerant 








Salt level in drinking water for goats positively affected ADWI.  ADFI, ADG, and PR were 
negatively affected by increasing salt level in drinking water for goats. Salt level 5.5 g TDS/L was 
the extent at which Nguni goats tolerate salt levels in drinking water. Salinity levels above 5.5 g 
TDS/L in drinking water caused a depressed ADWI, ADFI, and reduced ADG. PR was higher at 
salt treatment level above 5.5 g TDS/L. 
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Chapter 5: General discussion, conclusions and recommendations 
5.1 General discussion 
Nguni goats are the predominant breed kept by smallholder resource-limited communal farmers. 
Earlier research reported water scarcity as one of the major constraints to communal goat 
production systems, especially in arid and semi-arid environments. Although extensive research 
has been done to assess the extent to which goats tolerate excessive salt levels in drinking water, 
however, limited, if any, information, is available for Nguni goats. For sustainable and profitable 
goat production in communal farming systems, it is important to explore strategies to utilise saline 
water, which gives indications as to the extent to which re-cycled water can be utilised in goat 
production. 
 
The hypothesis tested in in the first objective (Chapter 3) was that factors which cause water 
scarcity for goats was lower for households with access to perennial river systems than those 
without. Although constraints to goat production varied with river systems, households in areas 
where there were seasonal river systems reported water for goats as scarce resource compared to 
households in areas where perennial rivers were present. Goats walk long distances in search for 
water in areas where water is not a scarce resource. Factors which influenced water scarcity were 
river systems, household distance to the nearest water source and the negative effects of climate 
change associated with drought conditions. Water scarcity for goats was also reportedly high for 
households that were located close to water sources. Such findings suggest that these water sources 




Conversion of perennial rivers to seasonal rivers, decrease in the length of the rainy season and 
increase frequencies of dry spells during the rainy season for the past 30 years was reported by the 
elderly members of the community, suggesting the impact of climate change on goat production 
is rife and is likely to increase. It also emerged that drought conditions are likely to cause excessive 
salt levels in the soil. Consequently, water intake and goat productivity could be affected.  
 
An on-station study was, therefore, conducted to test the hypothesis that increasing salinity of 
drinking water increases feed intake, water consumption and growth rate of Nguni goats. Average 
daily feed intake (ADFI), average daily water intake (ADWI), average daily gain (ADG), rectal 
temperature (RT), and pulse rate (PR) and respiration rate (RR) were monitored. At saline 
treatment levels above 5.5 g TDS/L, ADFI, ADWI and ADG was depressed. Pulse rate (PR) 
increased at 5.5 g TDS/L saline treatment level and decreased at 11 g TDS/L saline treatment level. 
Decrease in pulse rate (PR) at 11 g TDS/L, however, showed that Nguni goats were not tolerant to 
drinking water with salt levels above 5.5 g TDS/L. Over time, Nguni goats became adapted to 
excessive salt levels in drinking water. Therefore, the hypothesis was rejected since pulse rate 
decreased at saline treatment level above 5.5 g TDS/L. 
 
5.2 Conclusions 
Farmers in areas where there were seasonal river systems reported water to be a scarce resource 
for goats when compared to farmers in areas where there were perennial river systems. Households 
located within 3 km from the nearest water source reported water as a scarce resource for goats 
when compared to households located 3 km away from the nearest water source. Nguni goats 
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cannot tolerate drinking water with salt levels above 5.5 g TDS/L. These findings also indicate 
that physiological parameters such as rectal temperature (RT), pulse rate (PR) and respiration rate 
(RR) can be used to assess the general health status of goats under conditions of excessive salt 
levels in drinking water for goats. 
 
5.3 Recommendations and further research 
In resource-limited farming environments were goats do not access to perennial river systems and 
water is a scarce resource, alternative water sources such as grey water could be used for water 
drinking in goats since they do not contain excessive salt content greater than 5.5 g TDS/L. The 
use of wastewater as a strategy of improving goat production will also reduce the demand for fresh 
water. The use of succulent plants as a supplement feed resource in combination with grey water 
is also recommended since succulent plants contain high water content. Combination of the two 
water sources will assist goats in meeting their daily water requirements. 
 
Aspects that require further research include the following: 
1. Urine output of goats exposed to saline water– urine specific gravity which assists in 
assessing the concentration of solutes such as urine sodium, potassium, urea and chloride 
content excreted in urine. 
2. Measuring sodium/potassium ATPase concentrations in the kidneys to measure the activity 
of this enzyme in regulating the concentration of sodium and potassium in the blood. 

























Appendix 1: Structured questionnaire 
 
Objective:  
Assessment of farmer perception on water availability and prevalence of gastrointestinal parasites in Nguni goats 
 
Questionnaire number…………………………………..  Village name……………………………… 
Enumerator name…………………. ……………………   Ward number……………………………... 
Date…………………………………………………….. 
 
SECTION A: Household demographics 
1. Head of the household 
a) Sex: M □ F □  
b) Marital status: Married □ Single □Divorced □ Widowed □ 
c) Age:<18 □     18-30 □   31-50 □   > 50 □ 
d) Is the head of the household resident on the farm? Yes □  No □ 
e) Highest education level: No formal education □        Grade1-7 □    Grade8-12 □    Tertiary □ 
f) Have you ever received any training on goat production? Yes □ No □ 
g) What are major sources of income? Crops □  Livestock sales □      Livestock products □    Government grant 
□    Salary □     Other □, specify …………………………….. 
2.What is your household composition? 
Age group Males Female 
Adults (36+ years)   
Youth (13-35 years)   
Children (0-12 years)   
 
3. Types of livestock species kept? (Please tick first column as appropriate. The second column is for the number of 
that appropriate livestock species. The last column is for rank levels of the other types of livestock species kept – 1 is 
for the highest priority) 
Livestock species Tick (appropriate) Number of animals Rank 
Cattle    
Goats    
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Sheep    
Chickens    
Pigs    
Other (Specify)    
 
SECTION B: Goat production 
1. Why do you keep goats?(Please tick the first column for the purpose and the second column for ranking) 
 Tick Rank 
Meat   
Milk   
Manure   
Skin   
Sales   
Investment   
Traditional ceremonies   
Gift   
 
2. Are you part of any farmer association? Yes □  No □ 
3. Who is the owner of the goats? Father □  Mother □ Children □      Other□ 
(specify)………......... 
4. Who takes decisions about goat management? Owner□  Shepherd □   Children □Other□, 
specify……................ 
5. What goat production system do you use? Extensive □   Intensive □   Semi-intensive □   Tethering □Integrated 
livestock/crop system □ 
6. Which goats do you tether?     Lactating does  □   Dry does □   Bucks  □   Kids □ 
7. What is the reason for tethering your goat? 
Prevent kids from getting lost  □     Protect kids from predators  □   Prevent goat theft  □    Allow kids to have 
more milking time  □ 
8. What role (s) does each household member play in goat production?(You can tick appropriate one or more 
than one column in a row may be ticked) 
Role Adults  
Youth 
 
Hired labour Male Female 
Feeding     
Penning goats     
Kraal construction and maintenance     
Mating/breeding management     
Health management     
Purchasing     
Slaughtering     
Selling     
Other (specify)…………….     
 
9. What are the challenges facing goat production?  
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Feed shortage □      Diseases □Ecto-parasites □Internal parasites □ Inbreeding □     Theft □water scarcity 
□Other (specify) ……………… 
10. What is the composition of your goat flock? 
 Male Female 
Kids   
Castrates   
Adults   
 
11. How do you breed your goats?  Freely uncontrolled  □    select bucks □ select does  □ 
12. When is the breeding season for goats? 
Rainy season □ Hot dry season  □ Cool dry season □    Post-rainy season □All year round □ 
13. What do you look for when selecting bucks for breeding? 
14. Scrotal circumference □    Libido □    Body conformation □    Health status □   scrotal palpation □     Body 
condition □    Physical injuries □ 
15. How do you select does for breeding?   
16. Body condition □    Health status □   Mothering ability □ Ability to produce 3 times in two years □  
17. How do you manage kids before weaning? Let them go with mothers to the field □   Leave them in the goat 
house □     Keep them inside the human house □    Other (specify)…………………………………... 
18. When do you wean kids? 
Rainy season  □       Post-rainy season □      Cool dry season  □        Hot dry season  □    
19. What is your method of weaning? 
Minimum weight □      Age □      Feed availability □ 
20. Do you milk your goats?  Yes □ No □ (If not, please skip question no. 21) 
21. How much milk is produced by goats in each season? 
Season Milk production 
<500ml 500ml - 1L >1L None 
Rainy season     
Post-rainy season     
Cool dry season     
Hot dry season     
 
SECTION C: Goat health 
1. Type of vegetationwhere goats browse? 
Shrubs □ Grass □ Tree leaves □, specify the type ……………………………. 
2. When do you experience feed shortage for goats? 
Rainy season □     Post-rainy season □    Cool dry season  □    Hot dry season  □    All year round □ 
3. Do you practice supplementary feeding during periods of feed shortage? Yes □ No □ 
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4. Do you house your goats? Yes □ No □ 
5. When do you house your goats?     Night □  Midday □ 
6. How long do you house them? 
0-3 hrs□< 6hrs □<9hrs □<12hrs  □<15hrs  □  Overnight □ 
7. What form of housing do you have for your goats? 
Kraal □ Stall/Shed □  Yard □ None □ 
8. What are common disease challenges that you encounter in your flock?   
Diarrhea □   Coccidiosis □   External parasites □  Heart water □Orf□Mastitis  □   Pneumonia  □    Blue 
tongue □      Rift valley □Pulpy kidney□Abortion □Tetanus □     Foot abscesses □  Gastro-intestinal 
parasites □ 
9. Does mortality occur in adults □ orkids □?  
10. How many kids died in the past 12 months? 
11. What causes kid mortality? 
Lack of colostrum □ No milk produced by lactating does□      Predators (Jackals)    □Feed shortage □ 
12. How do you assess health challenges in kids? Body weight □    Breathing difficulties □      Fever □      
Mucus discharge in the nose□ears□eyes□vagina□anus □, and Watery faeces □ 
13. Do you deworm kids at weaning?   Yes  □      No □ 
14. What types of parasites are prevalent in this farm? (Can tick more than one) 
Type of parasite Tick Rank 
Ticks   
Lice   
Flies   
Mites   
Tapeworrm   
Roundworm   
Liver fluke   
Other, specify…   
 
15. Are parasite loads affected by housing and grazing land?        Yes  □         No □  
16. How do you identifya goat which has a problem with gastro-intestinal parasites?  
Loss of condition score□ Parasite in faeces□Bottle jaw □Anaemia□ Post-mortem  □ 
17. Who identifies parasites?Household head □    Shepherd □Teenagers □ None □ 
18. What is the effect of season on gastro-intestinal parasite prevalence? 
Season Prevalence 
High Low 
Rainy season   
Post-rainy season   
Cool dry season   
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Hot dry season   
All year round   
 
19. What do you use to treat gastro-intestinal parasites?  
Antihelmintics□ Traditional medicine □ Other□, specify ……………………………………... 
20. What is the name of antihelmintic that you use to treat gastro-intestinal parasites? 
21. Who assists you when using antihelmintics? 
Veterinarian□Animal health technician□Neighbours□Do not seek assistance □ 
22. Do you inter-change antihelmintics each year?   Yes  □    No   □ 
23. Do you follow the instructions when using antihelmintics?   Yes  □    No   □ 




SECTION D: Water accessibility and quality 
1. Is water scarcity a major problem for your livestock? Yes   □ No  □ 
2. When is water scarcity a major problem? 
Rainy season    □ Post-rainy season□      Cool dry season□    Hot dry season    □ 
3. How far is a water sourcefrom your household?<1km □    2-3km  □      <5km □   >5km □ 
4. What are the sources of water for goats? (Can tick one or more) 
Season Water source 
Borehole Dam/ponds River Water well Spring Tap Rain water Grey 
water 
Rainy season         
Post-rainy season         
Cool dry season         
Hot dry season         
 
5. Who monitors goats during drinking when they are being herded?     Adults□   Shepherd  □    Teenagers 
6. What is your frequency of water supply to goats? 











Appendix 3: Ethical approval for the goat trial 
 
 
